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Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] It rs often desirable to provide products such as catheters, Wood bags, chromatography media, membranes, 
cell culture ware and the like with surfaces which have particular, predetermined characteristics. For example, it may be 
desirable to provide guide wires and catheters with external surfaces that permit them to slide easily within the vascular 
system of a human or other animal. It may be appropriate to provide the surfaces of prostheses that are to be implanted 
within the body with growth factors or similar chemical species that may contribute to the rapid proliferation of tissue on 

io the prosthesis or, to the contrary, with chemical species for the purpose of preventing ongrowth of tissue. Some devices 
such as artificial eyes desirably have surfaces that are wettable and lubricous to the touch and that hence are comfort- 
ably received within the eye socket Poorly adherent surfaces, as of certain polymers, may be treated to improve adhe- 
sive characteristics. Blood bags and other tubes which may come into contact with Wood may be treated with 
hemocompatiWe agents such as heparin or a heparin derivative. Bandages or other devices which come into contact 

15 with wounds may have surfaces that are provided with antibiotic materials. Various diagnostic tests may involve test pro- 
tocols in which antibodies or antigens are covalently immobilized upon a surface. 

[0002] U.S. patent 4,716,122 (Sheefers) refers to the use of a heterobifunctional photoactivatable compound, one 
functional group being an aryl azide and the other being an N-hydraxysuctinirrride ester to bind an antibody or other 
protein to a solid surface. 

20 [0003] A series of papers by Guire, et al describes the use of polyfunctions photoderivatives of glucose oxidase 
and catalase in association with concanavalin A and glucose oxidase, respectively: Guire et al. Steowise-Crosslinkina 
Reagents for Photocoupling of Enzvmes and Lectins to M ammalian Cells. Glycoconjugate Research II, pp. 1051-1054; 
(1979); Guire et al, Stepwise Thermophotochemical Crosslinkinp for Enzvme Stab ilization and Immobilization: Enzyme 
Engineering 3, pp. 63-70 (1978); and Guire et al, Photochemical Coupling of Enzvmes to Mamma lian Cells. Pharma- 

25 cological Research Communications, 9, No. 2, pp 131-141 (1977). 

[0004] U.S. patent 4,979,959 (Guire) refers to a Wocompatible device in which various molecules such as cell 
attachment factors are covalently bonded to a solid surface through a chemical linking moiety: 
[0005] International Application No. PCT/US88/04487 published February 8, 1990 (Guire et al) refers to the bond- 
ing of various polymeric species to a solid surface through the use of latent reactive groups. 

30 [0006] U.S. patent 3,959.078 (Guire) refers to the bonding of enzymes to a surface using a chemical linker employ- 
ing an aryl azide photochemical group. 

[0007] U.S. patent 4,007,089 (Smith. Ill) teaches bonding a biologically active compound to a surface through a 
bif unctional linking compound by first attaching that compound to a surface via a phenyl azide group and then attaching 
the linking compound to the biologically active compound through an s-triazine group. 
35 [0008] US. patent 5,024,742 (Nesburn et al) teaches a method of crosslinking collagen molecules to themselves 
or to other surfaces using a heterobifunctional reagent 

[0009] To covalently bond a specific chemical specie to a surface through photoactivation, a photoreactive group or 
other latent reactive group usually is first attached to the chemical specie and thereafter is activated to cause covalent 
bonding to the solid surface. Although procedures of this type have been quite successful, it has been necessary to 
40 manufacture latent reactive group-containing derivatives of each of the chemical species that one wishes to covalently 
bond to a surface. For example, heparin may be photoderivatized as taught in International Application No. 
PCT/US88/04487 published February 8. 1990 and may be applied to various devices that come into contact with Wood 
such as blood bags, tubes, and the like. However, the synthesis of latent reactive group-containing derivatives of various 
chemical species can be very expensive, both from the standpoint of developing the protocol for the synthesis of the 
45 derivative and also with respect to. the manufacture of commercial quantities of the derivative. 

[001 0] It is also possible to attach desired chemicals to a surface by first providing the surface with latent reactive 
groups, then bringing the desired molecules into bonding association with the latent reactive groups, and activating the 
latent reactive groups to cause the formation of covalent bonds. Reference is made particularly to U.S. Patent 
4,722,906 (Guire). The method of this patent is dependent upon the ability of the target molecules to diffuse into bond- 
so ing association with the latent reactive groups carried by the solid surface, however, and is highly selective of the target 
molecules that are to be attached. 

BRIEF DESCRIPTION OF THE INVENTION 

55 [001 1 ] It has now been found that a wide variety of chemical species such as heparin, growth factors, natural and 
synthetic polymers and the like may be covalently immobilized in an insoluble, three dimensional, crosslinked matrix, 
preferably in solid or semi-solid form and most preferably in film form, utilizing a polymeric coupling compound having 
latent reactive groups. The invention avoids the necessity of synthesizing latent reactive group derivatives of the various 
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chemical species, and provides a three dimensional matrix which exhibits properties of the chemical specie, the cou- 
pling compound or both. 

[0012] Accordingly, in a first aspect the present invention provides a method for immobilizing a chemical specie 
comprising: 

5 

a. bringing together in covalent bonding proximity; 

(i) free molecules of a desired chemical specie; and 

(ii) a polymeric coupling compound having at least two latent reactive groups per molecule, each latent reactive 
w group being capable, upon activation, of covalently bonding to another coupling compound molecule or to the 

chemical specie; 

wherein said chemical specie is free of latent reactive groups that are activated during activation of the latent 
reactive groups of the coupling compound; and 

15 b. activating the latent reactive groups of the coupling compound to cause tarnation via covalent bonding of a 
three-dimensional molecular network(also called herein a matrix) in which molecules of the desired chemical spe- 
cie are.covalently bonded to molecules of the coupling compound and in which molecules of the coupling com- 
pound are covalently bonded to each other. 

20 [001 3] In a second aspect the present invention provides a matrix obtainable by the method of said first aspect of 
the invention. 

[0014] Preferably, a film comprising the coupling compound and the chemical specie is formed upon a surface, as 
by coating the surface with a solution containing the coupling compound and the chemical specie. In the most preferred 
embodiment, latent reactive groups carried by the polymeric coupling compound form covalent bonds to the surface, 
25 thereby co-immobilizing the coupling compound and the chemical specie to the surface. If desired, the surface may be 
a liquid surface or a surface to which the latent reactive groups do not readily form covalent bonds, and the completed 
film with its three dimensional, crosslinked structure may be removed from the surface for use elsewhere as, for exam- 
ple, a protective wound dressing. 

[0015] Thus, in the prefened embodiment, the method of the invention involves forming on a surface a coating of 
30 the chemical specie that is desired together with, and in covalent bonding proximity to, a polymeric coupling compound 
having at least two latent reactive groups per molecule, each latent reactive group being capable of covalently bonding 
to a coupling compound molecule (either the same or different), to the chemical specie, or to the surface. The method 
involves activating the latent reactive groups to cause formation via covalent bonding of a three-dimensional molecular 
network in which molecules of the chemical specie are covalently bonded to molecules of the coupling compound, and 
35 molecules of the coupling compound are covalently bonded to each other and to the surface. 

[001 6] The covalent bonds between the chemical specie and the coupling compound, between the coupling com- 
pound and the surface, and between different molecules of the coupling compound, form simultaneously, that is, during 
the same step. Thus, the chemical specie and the coupling compound are co-immobilized upon the surface. By judi- 
cious choice of the type and quantity of the coupling compound relative to the chemical specie, one may obtain three 
40 dimensional crosslinked networks of varying complexity and permeability. 

[001 7] The resulting three dimensional network (also called herein "matrix'') may be slightly or highly swellable in a 
solvent, but the networks remain insoluble. Free molecules of the chemical specie or another compound (that is, mole- 
cules that are not covalently bound to the coupling compound) may be incorporated into the three-dimensional network 
as desired. 

45 [0018] The polymeric coupling compound contains an avenge of at least two latent reactive groups per molecule. 
Preferably, the avenge number of such groups per 100 Angstroms extended chain length ranges from 0.05 to 12 and 
preferably from 0.2 to 2. The coupling compound desirably is formed or derived from a synthetic polymer, although cou- 
pling compounds derived from natural polymers also may be employed. 

50 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0019] The coupling compounds employed in the present invention are polymeric in nature; that is. they have 
repeating units and a molecular weight distribution. Most preferably, the coupling compounds are derived from or 
formed as synthetic polymers. The polymers of the invention include oligomers, homopolymers and copolymers result- 
55 ing from addition or condensation polymerization, and natural polymers including nucleic acids, oligosaccharides, linear 
polysaccharides such as amylose, dextran, ch'rtosan, heparin and hyaluronic acid, and branched polysaccharides such 
as amylopectin. glycogen and hemi-celluloses. The polymers may include several distinct polymer types, as may be 
prepared by terminal or side chain grafting. The polymers of the invention may include cellulose-based products such 
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as hydroxy ethyl cellulose, hydroxypropyl cellulose, carboxymethyl cellulose, nitrocellulose, cellulose acetate and cellu- 
lose butyrate, acrylics such as those polymerized from hydroxyethyl acrylate, hydroxyethyl methacrylate, glyceryl acr- 
ylate, glyceryl methacrylate. acrylic acid, methacrylic acid, acrylamide and methacrylamide. vinyls such as polyvinyl 
pyrrolidone and polyvinyl alcohol, nylons such as polycaprolactam, polylauryl lactam, polyhexamethylene adipamide 

5 and polyhexamethylene dodecanediamide, polyurethanes and polylactic acids. Of particular importance are the vinyl 
polymers such as polyvinyl pyrrolidone and polyacrytamide and the polyethers such as polyethylene glycol. For brevity, 
the invention is described below primarily with respect to the use of single coupling compounds that are homopolyfunc- 
tional (that is, that bear two or more identical latent reactive groups (and such is preferred)). However, one may employ 
a mixture of polymeric coupling compounds, if desired, and the coupling compounds themselves may be heteropoly- 

w functional (that is, they may contain two or more different latent reactive groups) and they may have different properties 
which they confer upon the matrix. 

[0020] The polymeric coupling compounds employed in the invention desirably are soluble or at least dispersible in 
a solvent (to form, for example, a colloidal suspension), and preferably are soluble in water to at least the extent of 1 
gram/1 at 23°C. Moreover, the polymers of the invention desirably have extended chain lengths of at least about 45 

is Angstroms, and preferably at least about 1 000. Angstroms. 

[0021] "Extended Chain Length", as used herein, refers to theoretical straight line lengths measured along the 
backbone of a polymeric coupling compound, assuming that the polymer chain is stretched out to its maximum length 
consistent with observing proper bond angles between adjacent atoms. For example, polyethylene, -{CH 2 -CH 2 h exhib- 
its an "extended" chain length between alternate carbon atoms of about 2.5 A (observing a bond angle of 109.5°), 

20 although the sum of the (carbon-carbon) bond distances along the molecule between alternate carbon atoms is about 
. 3.06 A. 

[0022] Latent reactive groups, broadly defined, are groups which respond to specific applied external stimuli to 
undergo active specie generation with resultant covalent bonding to an adjacent chemical structure, e.g., an adjacent 
same or different molecule. Latent reactive groups are those groups of atoms in a molecule which retain their covalent 

25 bonds unchanged under conditions of storage but which, upon activation by an external energy source, form covalent 
bonds with other molecules. The latent reactive groups generate active species such as free radicals and particularly 
nitrenes, carbenes. and excited states of ketones upon absorption of external electric, electromagnetic or kinetic (ther- 
mal) energy. Latent reactive groups may be chosen to be responsive to various portions of the electromagnetic spec- 
trum, and latent reactive groups that are responsive to e.g., ultraviolet and visible portions of the spectrum are preferred 

30 and are referred to herein occasionally as "photochemical" groups. Latent reactive groups as described are generally 
well known. 

[0023] The azides constitute a preferred class of latent reactive groups and include arytazides ( ArNjj) such as phe- 
nyl oxide and particularly 4-f luoro-3-nitrophenyl azide, acyl azides 

9 

(C-N,) 

aide and p-methylbenzoyl azide, azido formates 

f? 

(-O-C- 



50 

such as ethyl azidoformate, phenyl azidoformate. sulfonyl azides 



o 



55 




such as benzenesulfonyl azide, and phosphoryl azides 



40 



45 



such as benzoyl 
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(ROfcP-N, 

5 

such as dipheny) phosphoryt azide and diethyl phosphoryi azide. Diazo compounds constitute another class of latent 
reactive groups and include diazoalkanes (-CHN 2 ) such as diazomethane and diphenyldiazomethane, diazoketones 
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(-C-CHN,) 

such as diazoacetophenone and 1 -trif luoromethyl- 1 -diazo-2-pentanone, diazoacetates 

15 O 

II 

(-0-C- 



20 



CHNj) 

25 such as t-butyl diazoacetate and phenyl diasoacetate, and beta-keto-alpha-diazoacetates 

O O 

(^-C-C-O-) 

H 



such as t-butyl alpha diazoacetoacetate. Other latent reactive groups include the aliphatic azo compounds such as azo- 
biscyanovaleric acid, the diazirines (C) such as 3-trrfluoromethyl-3-phenyldiazirine, and the ketenes (-CH=C=0) such 
as ketene and diphenylketene. Photoactrvatable aryl ketones such as benzophenone and acetophenone are of partic- 
35 ular importance inasmuch as these groups are subject to multiple reactivation in water and hence provide increased 
coupling efficiency. Peroxy compounds are contemplated as another class of latent reactive groups and include dialkyl 
peroxides such as di-t-butyl peroxide and dicyclohexyl peroxide and diacyl peroxides such as dibenzoyl peroxide and 
diacetyl peroxide and peroxyesters such as ethyl peroxybenzoate. 

[0024] Upon activation of the latent reactive groups, the coupling compounds are covalently bound to coupling com- 
40 pound molecules and to chemical species (and, in the preferred embodiment to the surfaces to which the chemical 
species are to be co-immobilized), by covalent bonds through residues of the latent reactive groups, Exemplary latent 
reactive groups, and their residues upon activation, are as follows: 



45 





Latent Reactive Group 


Residue Functionality 






aryl azides 


amine 


R-NH-R' 


50 


acyl azides 


amide 


R-C-NH-R' 


az id ofor mates 


carbamate 


R-O-C-NH-R' 




sulfbnyl azides 


sulfonamide 


R-S-NH-R' 




phosphoryi azides 


phosphoramide 


(RO)2P-NH-R f 


55 


diazoalkanes 


new C-C bond 






diazoketones 


new CC bond & ketone 






diazoacetates 


new C-C bond & ester 
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(continued) 





Latent Reactive Group 


Residue Functionality 






beta-keto-alpha-diazoacetates 


new Dono & b-Keioesier 




5 


aliphatic azo 


new Dona 








npytr KnrvH 






ketenes 


new C-C bond 




70 


photoactivated ketones 


new C-C bond & alcohol 




dialkyl peroxides 


ethers 






diacyl peroxides 


esters & new CC bonds 






peroxyesters 


ethers, esters, and new C-C bonds 
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[0025] The coupling compounds of the invention desirably have an avenge of at least two and preferably three or 
more latent reactive groups per molecule. Three-dimensional molecular networks may be formed through the use of 
polymeric coupling compound molecules each having two or more latent reactive groups, and in general the density of 
20 covalent bonds resulting from activation of the reactive groups and hence the "tightness" of the three-dimensional 
molecular network that is formed will be increased by decreasing the distance between latent reactive groups that are 
employed in the coupler compound. 

[0026] Depending upon the method of fabrication of the polymeric coupling compound, that compound may contain 
varying numbers of latent reactive groups. A Afunctional polymeric coupling compound may have one latent reactive 
25 group at each of its two ends. For example, 4-bromomethylbenzophenone (derived from the free radical bromination of 
4-methyIbensophenone) may be reacted with polyethylene glycol to form a bifunctional coupling compound having - 
(CH 2 -CH 2 -0)- repeating units and terminating in benzophenone latent reactive groups. 

[0027] Polymeric coupling compounds used in the invention may have latent reactive groups incorporated at ran- 
dom positions along the polymer backbone, rt may in some instances be desirable to provide polymers with more pre- 

30 dictable sites for attachment of latent reactive groups, as described further below. Polymeric coupling compounds 
desirably, but not necessarily, have latent reactive groups at their ends or at random locations along their backbones 
(spaced from their ends) or both. By "backbone" as used herein in connection with polymer molecules, reference is 
made to the chain of atoms that is characteristic of the polymer and that results from the polymerization reaction. For 
example, polyethylene glycol polymers are characterized by a "backbone" of repeating -{-CH2-CH2-O-)- groups. 

35 whereas polyacrylamide and polyvinyl pyrrolidone have backbones characterized by carbon-carbon bonds, alternating 
carbon atoms in the backbone having pendent amide or pyrrolidone groups, respectively. 

[0028] A polymer that includes at least one latent reactive group along its backbone spaced from its ends can be 
prepared by copolymerizing the basic monomer or monomers for the polymer with a monomer to which can be readily 
attached a latent reactive group such as a photoreactive group. For example, a photoreactive polyacrylamide polymer 

40 can be obtained by copolymerizing acrylamide with a small quantity of N-(3-aminopropyl)methacrylamide to provide 
random amine-functional groups along the polymer backbone, and then reacting the polymer with an amine-reactive 
photoreactive reagent such as benzoylbenzoylchloride. Coupling compounds may be derived from naturally occurring 
polymers such as hyaluronic acid by known methods such as those taught in U.S. Patent 5,002,582, the teachings of 
which are incorporated herein by reference. The polymeric coupling compounds employed in the present invention 

45 desirably carry a sufficient number of latent reactive groups so that the average number of latent reactive groups per 
1 00 Angstrom extended chain length ranges from 0.05 to 12 and preferably from 0.2 to 2. 

[0029] The chemical species which can be co-immobilized together with the coupling compound in a three dimen- 
sional network according to the invention may be chosen from a wide variety of suitable substances. The chemical spe- 
cies used herein preferably are free of latent reactive groups of the type carried by the coupling compounds, that is, 
50 latent reactive groups that are activated upon activation of the latent reactive groups of the coupling compounds during 
the activation step. If desired, two or more chemical species may be employed, each lending to the matrix its particular 
properties. For example, it may be desired to immobilize at the same time an anticoagulant such as heparin, a throm- 
bolytic agent such as streptokinase and, if desired, a protease inhibitor. 

[0030] Some chemical species and the desired properties that these species exhibit when co-immobilized upon a 
55 surface are exemplified in the following non-limiting list: 
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CHEMICAL SPECIES 

Synthetic Polymers 
Sulfonic acid-substituted 

polyacrylamide 
Polyacrylamide 
Polyethylene glycol 
Polyethyleneimine 
Polylactic acid 
Polyvinyl alcohol 
Polyvinyl pyrrolidone 
Quaternary amine-substituted 

polyacrylamide 
Silicones 

Conductive polymers (e.g., 
polyvinylpyridine 
polyacetylene, polypyrrole 

Carbohydrates 

Alginic acid 

Cellulose 
glucose 
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FUNCTIONAL ACnVITY 



Lubricity, negatively charged surface 

Lubricity, protein repulsion 
Lubricity, cell and protein repulsion 
Positively charged surface 
Negatively charged surface 
Lubricity 
Lubricity 

Lubricity, positively charged surface 
Lubricity 

Electric conductivity 



Lubricity, hydrophilicity 
Lubricity, hydrophilicity, biodegradable 
source 



EP 0 585 436 B1 



Chitosan 
hydrophilicity 

Clycogen 
source 

Heparin 
cell 

Hyaluronic acid 
Pectin 

Mono-, di- saccharides 
Dextran sulfate 

Antibodies 

Antithrombotic agents, e.g., 

Ami thrombin III 
Albumin 

Attachment proteins/peptides 
Enzymes 

Extracellular matrix proteins/peptides 
Growth factors, proteins/pept 
Hirudin 

Thrombolytic proteins (e.g 
streptokinase, plasm: 

Lipids 
Fatty adds 

Mono-,di- and triglycerides 
biodegradable fatty 

Phospholipids 
biodegradable fatty 

Prostaglandins/leukotrienes 
messengers 

DNA 
RNA 

Nucleosides, nucleotides 
cofactors 

Dnigs/vitamins/cofactors 
Enzyme cofactors 
Heme compounds 
Drugs Drug activity 

Non-polvmeric Materials 

Dyes (e.g., azo dyestuffs) 



Positively charged surface, 

Hydrophilicity, biodegradable glucose 

Antithrombogenicity, hydrophilicity, 

attachment 
Lubricity, negatively charged surface 
Lubricity, hydrophilicity 
Hydrophilicity 
Chromatography media 



Antigen binding 
Antithrombogenic surface 



Hydrophobicity, biocompatibility 
Hydrophobicity, lubricity, 

acid source 
Hydrophobicity, lubricity, 

acid source 
Nonthrombogenic surface/immobilized 



Substrate for nucleases/affinity binding 
Substrate for nucleases/affinity binding 
Source of purines, pyrimidines, enzyme 



Immobilized enzymes 

Globin binding/surface oxygenation 



Coloring agents 



Nonthrombogenic surface 
Cell attachment 
Catalytic surfaces 
Cell attachment and growth 
Cell growth 

Antithrombogenic surface 
Thrombolytic activity 
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Fluorescent compounds Fluorescence 
(e.g., fluorescein) 

5 



[0031] The product that is formed via activation of the latent reactive groups carried by the coupling compound is 

10 an insoluble, three dimensional crosslinked matrix that is 

desirably in solid or at least semi-solid (e.g., gel) form and that exhibits the properties of the chemical specie(s) incor- 
porated in it, or properties of the coupling compound(s), or both. The coupling compound may be a polymer that itself 
provides the matrix with valuable properties; for example, use of a photo-derivatized polyvinylpyrrolidone may confer 
. slipperiness and water wettability to the matrix. Both the coupling compound and the chemical specie may provide the 

15 matrix with desired properties. For example, a matrix formed from photopolyacrylamide as the polymeric coupling com- 
pound and heparin as the chemical specie may exhibit a reduction in protein absorption characteristic of the polyacry- 
lamide and the antithrombogenic activity characteristic of heparin. 

[0032] The matrices may be in the form of fibers, beads or other particles (for use, for example, in chromatographic 
columns), or in the form of free-flowing or non-flowing gels. However, the matrices preferably are in the form of films 

20 which may be continuous or discontinuous and which may have thicknesses ranging from a few nanometers up to a mil- 
limeter or more. A film may be serf supporting, as when in sheet or tubing form; it may be in the form of a coating formed 
on and supported by a surface and in its most preferred form covalently bonded to the surface. 
[0033] The crosslink density of the three-dimensional polymeric network that is formed can be varied as desired by 
judicious choice of the type and the amount of the coupling compound. For example, the use of polymeric coupling com- 

2$ pounds that contain relatively few latent reactive groups will resuft in fewer covalent bonds being formed per unit length 
measured along the extended backbone of the polymer or per unit of molecular weight of the polymer, and the resulting 
three-dimensional network will be more open; that is. it will have a larger effective pore size. The use of polymeric cou- 
pling compounds having a greater number of latent reactive groups, or, for that matter, having latent reactive groups 
concentrated along a certain portion of the molecule, will provide a more tightly crosslinked, dense three-dimensional 

30 matrix. 

[0034] The tightness of the three-dimensional network that is formed will depend upon the density of covalent 
bonds formed from the latent reactive groups carried by the coupling compound and this, in turn, depends upon the 
number of latent reactive groups per molecule of the coupling compound and the relative amounts of coupling com- 
pound and chemical specie that are employed. Of course, the ability of the polymeric coupling compound to become 
35 extended in solution (in contrast to assuming a tightly coiled configuration) also contributes to the loftiness or openness 
of the three dimensional network, and polymeric coupling compounds that are soluble to the extent of at least about 1 
g/l in water are preferred. 

[0035] The three-dimensional network that is formed in accordance with the method of the invention not only has 
utility in providing the resulting film with characteristics of the co-immobilized chemical specie, but also has utility in that 

40 it can be used to capture free chemical species (chemical species not covalently bound to a coupling compound mole- 
cule) so that the matrix, when in contact with a suitable liquid medium such as an aqueous solution, may gradually 
release the free chemical specie into the medium. The quantity of chemical specie that is thus released by the three- 
dimensional polymer network and the rate of release may depend upon a number of factors, including the loftiness or 
openness of the three-dimensional network, the amount of the free chemical specie that is employed, and the degree 

45 of affinity or repulsion between the three-dimensional network and the chemical specie. 

[0036] In a preferred embodiment, the polymeric coupling compound and the chemical specie exhibit an affinity 
permitting them in solution to assume a preferred orientation with respect to each other prior to activation of the latent 
reactive groups, thereby facilitating covalent bonding therebetween when the latent reactive groups are activated. The 
affinity of the coupling compound and the chemical specie may involve the hydrophobic or hydrophilic characteristics of 

so these compounds, e.g., in which hydrophobic portions of these compounds preferentially orient next to each other. The 
affinity between the coupling compound and the chemical specie may involve ionic attraction between portions of the 
molecules. For example, the polymeric coupling compound may be polyionic and the chemical specie also may be 
ionic, the coupling compound having a net charge opposite the net charge of the chemical specie. The coupling com- 
pound may be a vinyl copolymer containing aminopropyl pendent groups resulting from the use of an aminopropylmeth- 

55 acn/late monomer, the coupling compound thus having a net positive charge. The chemical specie may be a dextran 
sulfate having a net negative charge. In this embodiment, prior to the step of activating the latent reactive groups, the 
coupling compound and the chemical specie are brought into association permitting ionic attraction between them to 
preorient the chemical specie and the polymeric coupling compound with respect to each other before they are cova- 
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lently bonded. Desirably, the polyionic coupling compound and the ionic chemical specie are provided in solution 
together to facilitate ionic attraction between them. 

[0037] Free chemical species may be positioned or entrapped within the three-dimensional network that is formed 
by being present during formation of the network or by being added after the network has been formed. By employing 
5 a large amount of the chemical specie in comparison to the coupling compound, one may ensure that at least some of 
the chemical specie will not become covalently bound to the coupler, and the resulting free chemical specie may thus 
become physically entrapped within the network, and some may be slowly released. 

[0038] If substantially all of the chemical specie becomes involved via covalent bonding within the three-dimen- 
sional network, additional chemical specie may be incorporated in the network by replacing the solvent that is present 

io in the network with a solvent solution containing the chemical species. For example, solvent may be removed from a 
film that is initially formed, and the dried film may then be contacted with a solution of an additional quantity of the same 
or a different chemical species, causing molecules of the chemical species to enter the network and to become trapped 
therein upon removal of the solvent in a subsequent drying procedure. The resulting films, when placed in contact with 
a liquid medium such as blood or an open wound containing serous fluid, will release molecules of the free chemical 

15 species into the Wood or serous fluid, the amount and rapidity of the release of the chemical agent depending upon how 
readily the chemical species can migrate from the coating into the Wood or serous fluid, and, of course, upon the con- 
centration gradients of the chemical species that are established. The remaining film, however, will yet retain molecules 
of the chemical species covalently bonded to it such that it will continue to itself exhibit characteristics of the chemical 
species. For example, heparin may be co-immobilized with a photoderivatised polyacrytamide coupling compound upon 

20 a surface, the process making use of a large amount of heparin so that some of the heparin is not covalently bonded to 
the polyacrylamide. The resulting film, when brought into contact with blood, releases heparin into the Wood at a 
decreasing rate over a period of time. Once all of the available free heparin has escaped from the surface of the film 
into the blood, the heparin molecules that are covalently bound to the surface will continue to provide the surface with 
the antithrombogenic characteristics of heparin. 

25 [0039] If desired, the.three-dimensional network that is formed may be chosen to be subject to destruction in use. 
For example, the network may include ester linkages that are cJeavable by the esterases in Wood issuing from a wound. 
For example, a protective coating may be made from a vinyl polymer coupling compound containing aminoethylmeth- 
acrylate mere units to which latent reactive groups are coupled and a biologically active chemical species such as 
heparin. The coating may slowly degrade when in contact with blood due to hydrolysis of the ester bonds by esterases 

30 in the blood. In this manner, chemical species containing heparin and having the antithrombogenic properties of 
heparin may be slowly released. 

[0040] If desired, free molecules of other chemical species (that is, molecules not covalently bound to the coupling 
compound) can be incorporated in the three-dimensional matrix. For example, as taught in greater detail below, pho- 
topoiyacrylamide and heparin may be co-immoWlized on a surface, and an antibiotic such as cephalosporin or vanco- 

35 mycin may be incorporated in the matrix. Upon contact with Wood, the antibiotic is released gradually by being leached 
from the surface, leaving behind a heparinized surface. Different free molecules of various chemical species may be 
incorporated in a single matrix in this manner. For example, several antiWotics may be employed which exhibit activity 
against different microorganisms, or which provide more effective control over a single microorganism. If it is desired to 
form the film upon a surface to which the film is covalently bonded as it is formed, then the latent reactive groups that 

40 are employed are preferaWy attracted to the surface to be coated so that the latent reactive groups will readily come into 
covalent bonding proximity with the surface. Photochemical groups such as the aryl azides and the aromatic ketones 
commonly are relatively hydrophobic, as are many of the solid surfaces (e.g., polystyrene, polysulfone and polyolefin) 
that may be coated in accordance with the invention. "Hydrophilic" and "hydrophobic" are used herein to describe com- 
positions broadly, as water loving and water hating, respectively, in line with the following observations: Hydrophilic 

45 compounds are usually relatively polar and often are ionizable. Such compounds usually bind water molecul es strongly. 
Hydrophobic compounds are usually relatively non-polar and non-ionizing. Hydrophobic surfaces will generally cause 
water molecules to structure in an ice-like conformation at or near the surface. "Hydrophobic" and "hydrophilic" are rel- 
ative terms, of course, and are used herein in the sense that various compositions, liquids and surfaces may be hydro- 
phobic or hydrophilic relative to one another. A discourse on the subject is found in Hoffman, Letter to the Editor: A 

so general classification scheme for "hydrophilic" and "hydrophobic" biomaterial surfaces. J. Biol. Mat. Res. 20,pp. ix-xi 
(1986). 

[0041] Crosslinked, three-dimensional matrix films of co-immobilized coupling compound and chemical species 
can be produced by combining the polymeric coupling compound and chemical species precursors in solution and then 
physically forming the solution into a sheet or film configuration before activating the latent reactive groups. For exam- 
55 pie, an aqueous solution of the precursors may be floated upon the surface of a non-misctWe liquid such as a perfluor- 
ocarbon liquid. After activating the latent reactive groups of the polymeric coupling compound, the fflm, which may at 
this point be self-supporting, may be removed from the liquid surface. It is contemplated that this process may be per- 
formed on a continuous basis if desired, the precursor solution being sheeted onto a bath of the non-misciWe liquid at 
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one end of the bath, and the continuous self-supporting film being removed from the other end of the bath. The surface 
upon which the film is physically formed may be a solid surface such as polytetraf luoroethylene to which the latent reac- 
tive groups, when activated, do not readily bond and from which the film may be removed. 

[0042] The method of the invention finds particular utility, however, in the formation of a film upon a surface, desir- 
5 ably a solid surface, to which the film becomes covalently bonded by latent reactive groups of the coupling compound. 
In this embodiment, the surface itself becomes chemically involved in the formation of the three-dimensional matrix. 
Such surfaces preferably have abstractable hydrogen atoms and participate readily in the formation of covalent bonds 
upon activation of the latent reactive groups. 

[0043] In the preferred process of the invention, the coupling compound and the selected chemical specie (several 
10 coupling compounds or chemical species or both may be used) are applied to a surface, and the latent reactive groups 
of the coupling compounds are simultaneously reacted to form covalent bonds between the chemical specie and the 
coupling compound, between the coupling compound and the surface, and between different molecules of the coupling 
compound, to form a three dimensional molecular network. If desired, the coupling compound and the chemical specie 
may be combined and partially pre-reacted before they are applied to the surface. 
75 [0044] To facilitate the co-immobilization process, the polymeric coupling compound and the chemical specie are 
applied to a surface from a solvent medium, preferably from solution and most preferably from aqueous solution. Pref- 
erably, the coupling compound and the chemical specie are combined in solution and applied as a wet film to the sur- 
face, following which the latent reactive groups are activated, by light, in the case of photoreactive groups. Solvent may 
be partially or totally removed from the wet film before activation of trie latent reactive groups. Alternatively, the latent 
20 reactive groups may be reacted in the presence of the solvent. The coupling compound arid the chemical specie may 
be applied to the surface as separate, wet f Oms which blend or interdiff use together to bring the coupling compound and 
the chemical specie into covalent bonding proximity, and it is contemplated that the first wet film may be at least partially 
dried before application of the second film. 

[0045] Defined broadly, the "surface" upon which may be formed a film according to the invention is defined by the 
25 interface between distinct phases of compositions, the solid surface of a tangible object such as a sheet of material 
being perhaps the most commonly thought of surface and being defined by a gas-solid interface. Surfaces may be 
defined by the interface between liquid and solid compositions as exemplified by the solid surface of solid particles in 
suspension, by the interface between immiscible liquids as exemplified by emulsions, and by gas-liquid interfaces as 
exemplified by the surface of a liquid bath. 
30 [0046] A solid surface as referred to herein is a tangible surface defined by the interface between solid phase mate- 
rials (including soft gels) and gas or liquid phases. Specific examples include the surfaces of medical devices such as 
blood bags, catheters, bone and tissue prostheses, and living bone and tissue surfaces. Other solid surfaces are exem- 
plified as the surfaces of membranes, fibers such as hollow fibers employed in chemical reactors and fibers employed 
in structural composites, and chromatographic media particles and the like. 
35 [0047] The invention may be more easily understood by reference to the following illustrative, non-limiting exam- 
ples: 

EXAMPLE 1: Preparation of Bis(benzoylbenzyl) Polyethyleneglycol Ether (BBE-PEG(3350)-BBE) 

40 [0048] To 100 g of polyethylene glycol 3350 (PEG(3350)) in a 1 liter round bottom flask was added 400 ml of tolu- 
ene. The toluene was evaporated off to remove moisture. The PEG was then dissolved in tetrahydrof uran (250 ml) by 
stirring at reflux temperatures under an argon atmosphere, and the solution was allowed to cool. To the solution was 
added NaH (2.3 g) and the solution was stirred for an hour, after which 20.5 g of bromomethylbenzophenone was 
added. The cloudy mixture was stirred overnight. Ammonium chloride (10.2 g) and water (4 ml) were added and the 

45 mixture was stirred for 30 minutes. The solvent was evaporated off, and 150 ml of toluene was added and the cloudy 
solution was filtered to obtain a clear filtrate. The clear solution was then slowly added to 300 ml of ice cold diethyl ether 
to precipitate the polymer which was then collected by filtration, washed with ethyl ether and dried. 

EXAMPLE 2: Preparation of Photoderrvatized Polyacryl amide (Photo PAA) 

so 

[0049] Acrylamide (10.24 g) was dissolved in 200 ml of deionized water. To the solution was added 0.279 mg of N- 
(3-aminopropyl)^ethacrylamide, 0.33 g of ammonium persulfate and 0.155 g of N,N,N 1 ,N 1 -tetramethylethylenedi- 
amine. The solution was evacuated in a filter flask with a water aspirator fa 10 minutes. The tubing was clamped and 
the solution left under vacuum for one hour. The resulting polymer solution was dialyzed against deionized water. To 
55 150 ml of polymer solution in a PTFE bottle containing 3.0 g of polymer was added 0.504 ml of triethylamine. To this 
solution was added 30 ml of 28.4 mg/ml 4-benzoylbensoylchloride in CHCI 3 . The bottle was capped tightly and shaken 
for one hour. The bottle was then centrifuged for 1 0 minutes to separate the phases after which the aqueous layer was 
removed, dialyzed and lyophilized. 
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EXAMPLE 3: Co-immobilization of Polyvinylpyrrolidone 

[0050] 1 .0 gm of polyvinylpyrrolidone (PVP) having a number average molecular weight of about 360,000 was dis- 
solved in 25ml of water. 350 mg of BBE-PEG(3350)-BBE prepared as in Example 1 were dissolved in 25 ml of water. 

5 The solutions were mixed and lyophilized. 100 mg samples were illuminated with ultraviolet light for 10 seconds and for 
10 minutes, respectively, to achieve limited pre-reaction of the photoreactive groups carried by the photopolyethylene 
glycol. The dry mixtures were redissolved in water and diluted to give a solution that was 4.5 mg/ml in 30% isopropanol. 
65 ul of these solutions were sprayed onto one side of a V x V piece of polymethylmethacrylate (PMMA), and the coat- 
ing was irradiated with ultraviolet light for 3 minutes. Both samples were readily wettable with water. After washing, the 

w wet f Dms were slippery when rubbed with the fingers (a characteristic of PVP but not of PMMA or photo PEG), indicating 
that the. PVP had been bound to the surface. 

EXAMPLE 4: Heparin Cc-irnmobilized onto Regenerated Cellulose and Polysulfone Hollow Fiber Dialysis Membranes. 

15 [0051 1 Heparin was dissolved at 3 mg/ml in an aqueous solution of photo PAA prepared as in Example 2 at 3 mg/ml 
for subsequent co-immobilization on membrane surfaces. Another aqueous solution was prepared by dissolving 
heparin at 6 mg/ml in photo PAA at 3 mg/ml. A photoreactive derivative of heparin (photoheparin) was prepared by 
reacting heparin with benzoyl-benzoyl-epsilon-aniinocaproyl-N-oxysucxanimW in dimethytsuHbxide/carbonate buffer, 
pH 9.0. The solvent was evaporated and the photoheparin was dialyzed vs. water, and lyophilized, and then dissolved 

20 . in water at 3 mg/ml. Heparin was also dissolved in water at 3 mg/ml for subsequent absorption onto membrane sur- 
faces. Each solution was applied to specimens of regenerated cellulose membranes by soaking overnight at 37°C. The 
membranes were then dried and UV illuminated in a N 2 atmosphere for 2 minutes. The membranes were then washed 
four times for three minutes each in an ultrasonic bath of 0.5% Tween 20 in phosphate buffered saline (PBS) followed 
by the same washing procedure in deionized water. The membranes were further washed for 24 hours in 0.5% Tween 

25 20 followed by a 24-hour wash in 1% bovine serum albumin (BSA). Heparin activity was then measured by a Factor Xa 
inhibition assay. The results are given below. 



30 



Regenerated Cellulose Immobiliza- 


Heparin Activity 


tion Condition 


(mU/cm 2 ) 


Adsorbed heparin 


2.4 


Photo-heparin 


5.8 


Co-immobilized heparin (3 mg/ml) 


5.2 


Coimmobilized heparin (6 mg/ml) 


7.9 



40 [0052] In a similar experiment, heparin at several concentrations was coimmobilized with photo-PAA as described 
above onto polysulfone hollow ffoer membranes. After washing, the heparin activity was measured, yielding the follow- 
ing results: 

45 



Heparin Concentration, 


Heparin Activity 


mg/ml 


(mil/cm 2 ) 


6.0 


8.4±2.5 


2.5 


8.4±1.9 


1.0 


7.2±1.3 


0.6 


4.6±1.4 



55 

EXAMPLE 5: Collagen Co-immobilized onto PTFE Membranes for Cell Culture. 
[0053] Photo PAA was prepared as follows: 
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[0054] To 2 grams of N-(3-aminopropyl)methaayiamide (APMA) in 80 ml of dry dimetriylsulfoxide was added 4.96 
gm of 4^ensoylberuoyl-epsilon-aminocaproyl-N<)xysuccinimide and 2.26 ml of N.N.N'NMetramethylethylenediamine. 
The solution was stirred for four hours, after which 20 gm of acrylamide in 286 ml of DMSO and 300 mg of azobis(iso- 
butyronitrile) in 1 00 ml of DMSO were added. The solution was bubbled with helium for 5 minutes, after which the space , 
5 above the solution was filled with argon. Polymerization was allowed to occur at 55°C for 24 hours. The polymer was 
then precipitated in ethanol, redissolved in 250 ml of deionized water, and dialyzed vs. water. Insoluble material was 
removed by filtration, and the dear solution was lyophilized. 

[0055] Polytetraf luoroethylene (PTFE) membranes were first prewetted with methanol and then were soaked for 4 
hours in an aqueous solution (5 mg/ml) of the photo PAA prepared above. The coatings then were illuminated with UV 
10 light for 3 minutes and washed in PBS. Native bovine skin collagen (containing types I and III) at 1 .25 mg/ml was dia- 
lyzed vs. 3 mM HQ, and the photo PAA prepared as above was dissolved in the collagen solution at 5 mg/ml. Porous 
PTFE membranes that previously had been coated with photo PAA and irradiated were then soaked in the solution for 
4 hours at 4°C. The membranes were illuminated with UV light for 3 minutes, after which they were washed extensively 
with PBS and air dried. . 

is [0056] The collagen-coated membranes thus produced were tested in cell culture studies using both PA-I (human, 
ovarian) and NRK (rat, kidney) cell lines and demonstrated good cell attachment and growth. 

EXAMPLE 6: Cc-immobilization of Streptokinase 

20 [0057] Polyethylene tubing was filled with a solution containing 2.5 mg/ml photo PAA prepared as in Example 5 and 
2.5 mg/ml streptokinase, after which the tubing was UV illuminated for 8 minutes. After rinsing the tubing by circulating 
buffer through it for 24 hours, streptokinase activity was detected in the tubing by adding plasminogen (0.5 units/ml) and 
D-val-leu-lys-p-nitroanilide and measuring at 405 nm the color generated by release of p-nitroaniline. 

25 EXAMPLE 7: Co-immobilization of Photopolyacrylamide and Heparin to Polyvinylchloride Tubing 

[0058] Photopolyacrylamide prepared as in Example 3 was dissolved in water at 25 mg/ml. Sodium heparin was 
dissolved in water at 50 mg/ml. 20 ml of the photo PAA solution prepared as in Example 2 and 5 ml of the heparin solu- 
tion were mixed to give 25 ml of co-immobilization solution containing 30 mg/ml of total solids. External surfaces of pol- 

30 yvinylchloride tubing were precleaned with an alcohol wipe followed by argon plasma treatment and then were dipped 
in the co-immobilization solution. Excess solution was drained away, the coating was air dried, and a second, identical 
coating application was performed. The tubing was exposed to UV light to cure the hydrogel-heparin matrix. Surface 
treatment of the polyvinylchloride by this two-coat process resulted in heparin activity levels of 3500 mU/cm 2 as meas- 
ured by a thrombin inhibition assay. Long term exposure of these coated materials to albumin-containing phosphate- 

35 buffered saline (intended to simulate blood contact) gave significant release of soluble heparin and also resulted in 
immobilized heparin activities of approximately 10 mU/cm 2 . 

EXAMPLE 8: Co-immobilization of Photo PAA and Heparin to a Surface with Subsequent Loading and Release of Anti- 
. microbial Agents. 

[0059] Photo PAA, as prepared in Example 2, and heparin are co-immobilized upon a surface as described in 
Example 7. After rinsing away the unbound heparin with water and subsequently drying the coating, the immobilized 
polyacrylamide-heparin matrix is placed overnight in an aqueous solution containing 100 mg/ml of vancomycin. The 
tubing is removed and air-dried. Upon subsequent blood contact with the tubing, the antibiotic is released from the 
45 photo PAA-heparin hydrogel at a gradually decreasing rate. Complete release of the matrix-adsorbed drug leaves a bio- 
compatible heparinized, hydrogel surface. 

EXAMPLE 9: Preparation of Co-immobilized Photo PAA/Hyaluronic Add Film 

so [0060] To 1 0 ml of a 1 0 mg/ml solution of hyaluronic add in water was added 200 mg of the photo PAA prepared in 
Example 5. The viscous solution was spread onto a polytetrafluoroethylene (PTFE) textured surface, was allowed to 
dry, and was illuminated with ultraviolet light. The resulting film was removed from the PTFE surface as an intact film, 
the pattern of the textured PTFE being evident on the lower surface of the film. When wet with water, the film celled 
but did not dissolve. A solution of hyaluronic acid alone was also spread on an identical film, dried and illuminated. The 

55 resulting film readily redissolved in water. 
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EXAMPLE 10: Polyethylene Glycol Co-immobilization onto Polycarbonate Membranes. 

[0061] The mono benzoylbensyl ether of polyethylene glycol (BBE-PEG-OH) was synthesized using polyethylene 
glycol (HO-PEG-OH) by the following procedure: To polyethylene glycol (20 g. mol. wt. 8000) dissolved in 100 ml of dry 

5 tetrahydrofuran (THF) was added 60 mg of NaH followed by stirring under a positive N 2 pressure for 2 hours. 4-Bro- 
mom ethyl benzophe none (344 mg) was added and the solution was stirred overnight under a positive N 2 pressure. The 
reaction was quenched by adding 267 mg of NH 4 CI in 2 ml of water. The THF was evaporated off, then the polymer was 
dissolved in 100 ml of saturated NaCJ solution. The solution was extracted twice with 100 ml of CHCI 3 . The chloroform 
solution was dried over Na 2 S0 4 . The solvent was evaporated and the resulting BBE-PEG-OH polymer was dissolved 

io in and precipitated from toluene/ethyl ether. 

[0062] A mixture of equal weights of BBE-PEG-OH. HO-PEG-OH and the BBE-PEG-BBE of Example 1 was <fis- 
solved at 0.5 mg/ml in a 50% isopropanol solution in water. Commercially available porous polycarbonate membranes 
were soaked in the resulting solution for 10 minutes and were dried in a cold air stream for 3 minutes. The membranes 
were exposed to UV radiation for 10 seconds, and then were washed in water for 15 minutes and air dried. The wetta- 

15 bilrty of the membranes, as measured by the ease with which an aqueous solution passes through them, was tested by 
measuring the time required to pass 500 ml of water through 47 mm diameter discs under a pressure drop across the 
discs of 625 mm Hg. 14 Minutes were required for the discs prepared above, whereas 17 minutes were required for 
identical polycarbonate discs that were treated instead by soaking in a polyvinyl pyrrolidone solution. For comparison, 
water under this pressure differential will not pass through an uncoated polycarbonate disc. 

20 

EXAMPLE 11: Synthesis of Polyionic Polymeric Coupling Compound 

[0063] To 85 mg of N-(3-aminopropyl)methacrylamide in i 5 ml of dry dirhethylsulfoxide was added 102 mg of ben- 
zoylbenzoyl-epsilon-aminocaproyl-N-oxysuccinimide and 40 ul of N,N.N 1 ,N 1 -tetramethylethylenediamina The solution 
25 was stirred overnight, after which 1 .0 gm of N-acryloyttris(hydroxymethyl)aminomethane in 5 ml of DMSO and 50 mg of 
azobis(isobutyronitrile) in 5 ml of DMSO were added. The solution was bubbled with nitrogen for 5 minutes, sealed and 
stored at 55°C overnight The resulting polymer was precipitated in ethanol, redissolved in 10 ml of deionized water, dia- 
lyzed vs. water and lyophilized. 

30 EXAMPLE 12: Coi immobilization of Dextran Sulfate onto Polystyrene Beads for Purifying Clotting Factors from Blood. 

[0064] The ionic polymer prepared in Example 11 and the photo PAA prepared as in Example 5 were each dis- 
solved in deionized water at 5 mg/ml. To each solution dextran sulfate (average molecular weight of 500,000) was 
added at 10 mg/ml. These solutions were incubated with polystyrene beads (297-1000 urn diameter) for 24 hours at 

35 room temperature with mixing. The beads were then filtered to remove coating solutions and air dried. The beads were 
then spread into thin layers on aluminum foil, illuminated with UV light for 1.5 minutes, shaken, and illuminated for an 
additional 1 .5 minutes. The beads were then washed with deionized water and tested for ability to bind Azure A (which 
turns from blue to purple upon binding to a sulfated surface). By visual observation, both preparations of coated beads 
were significantly colored but the beads coated with dextran sulfate coimmobflized with the polyionic polymeric coupling 

40 compound were significantly more purple than the beads coated with dextran sulfate coimmobilized with the photo PAA, 
which is indicative of a higher concentration of dextran sulfate coimmobilized with the ionic coupling compound. 
[0065] While a preferred embodiment of the present invention has been described, it should be understood that var- 
ious changes, adaptations and modifications may be made therein without departing from the spirit of the invention and 
the scope of the appended claims. 

Claims 

1 . A method for immobilizing a chemical specie comprising: 
so a. bringing together in covalent bonding proximity: 

0) free molecules of a desired chemical specie; and 

(ii) a polymeric coupling compound having at least two latent reactive groups per molecule, each latent 
reactive group being capable, upon activation, of covalently bonding to another coupling compound mole- 
55 cule or to the chemical specie; 

wherein said chemical specie is free of latent reactive groups that are activated during activation of the 
latent reactive groups of the coupling compound; and 



14 



EP0 585 436 B1 



b. activating the latent reactive groups of the coupling compound to cause formation via covalent bonding of a 
three-dimensional molecular network (also called herein a matrix) in which molecules of the desired chemical 
specie are covalent fy bonded to molecules of the coupling compound and in which molecules of the coupling 
compound are covalently bonded to each other. 

5 

2. A method according to Claim 1, further comprising the incorporation of free chemical specie molecules into the 
formed matrix, whereby the free chemical specie molecules may be gradually released from the matrix. 

3. A method according to Claim 2, wherein said covalently bonded chemical specie molecules comprise a first chem- 
10 ical specie, and said free chemical specie molecules comprise a second chemical specie which is different than the 

first chemical specie and which is also free of latent reactive groups that are activated during activation of the latent 
reactive groups of the coupling compound. 

4. A method according to Claim 3, wherein said first chemical specie is an antithrombotic agent and said second 
is chemical specie is an antibiotic. 

5. A method according to Claim 1 . 2. 3. or 4, wherein said matrix is formed upon a surface, and upon activation of said 
latent reactive groups, covalent bonds are formed between the coupling compound and the desired or first chemi- 
cal specie and between the coupling compound and the surface. 

20 

6. A method according to claim 2 the method including the step of employing sufficient excess of the desired chemical 
specie to provide free molecules of the specie which are not covalently coupled to the coupling compound upon 
reaction of the reactive groups, at least a portion of said free molecules being carried by and within the matrix. 

25 7. A method according to Claim 3 the method including the step of contacting the matrix with said second chemical 
specie under conditions favouring said releasable incorporation of the second chemical specie in said matrix. 

. 8. A method according to any of the preceding claims, including the step of providing a mixture of chemical specie and 
the polymeric coupling compound in a solvent solution, and forming a film from the solution before activation of the 
30 latent reactive groups. 

9. A method according to any of the preceding claims, wherein said coupling compound is a photoderivatized vinyl 
polymer or a photoderivatized polyether. 

35 10. A method according to any of the preceding claims, wherein said polymeric coupling compound and said first (or 
desired) chemical specie exhibit affinity permitting them in solution to assume a preferred orientation with respect 
to each other prior to activation of the latent reactive groups to facilitate covalent bonding therebetween when the 
latent reactive groups are activated, the method comprising the step of bringing the coupling compound and the 
chemical specie into association permitting then to assume said preferred orientation prior to activation of the latent 

40 reactive groups of the coupling compound. 

1 1 . A method according to any of claims 1 through 10 wherein the chemical specie is selected from the group consist- 
ing of carbohydrates including alginic acid, chrtosan, glycogen, heparin, hyaluronic acid, pectin, saccharides, dex- 
tran sulfate, and proteins including antibodies, antrthrombic agents, albumin, attachment proteins and peptides, 

45 enzymes, extracellular matrix proteins and peptides, growth factors, hirudin, and thrombolytic proteins. 

12. A method according to any of claims 1 through 10 wherein the coupling compound is selected from the group con- 
sisting of photoderivatized pblyacrylamide, polyethylene glycol, polyethyleneimine, polylactic acid, polyvinyl alco- 
hol, polyvinyl pyrrolidone, silicone, polyvinytpyridine, polyacetylene, and polypyrrola 

so 

13. A method according to claim 12 wherein the coupling compound is photoderivatized pdyaaylamide. 

14. A method according to claim 12 wherein the coupling compound is photoderivatized polyethylene glycol. 

55 15. A method according to claim 12 wherein the coupling compound is photoderivatized polyvinyl pyrrolidone. 

16. A method according to any of claims 1 through 10 wherein the chemical specie is selected from the group consist- 
ing of chitosan, heparin, hyaluronic arid, antrthrombic agents, attachment proteins and peptides, extracellular 
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matrix proteins and peptides, growth factors, and thrombolytic proteins, and the coupling compound is selected 
from the group consisting of photoderivatized polyacrylamide, polyethylene glycol, polyvinyl pyrrolidone. polyvi- 
nylpyridine. polyacetylene, and polypyrrole. 

5 1 7. A Matrix obtainable by the method of any of Claims 1 to 1 6. 

PatentansprQche 

1. Verfahren zur Immobilisierung einer chemischen Spezies umfassend: 

to 

a) das in kovalente Bindungsnahe Zusammenbringen: 

(i) freier MolekOle einer gewQnschten chemischen Spezies und 

75 (ii) einer pdymeren Kupplungskomponente die wenigstens zwei latent-reaktive Gruppen pro Molekul tragt, 

wobei jede latent-reaktive Gruppe fahig ist nach Aktivierung kovalent ein Molekul einer anderen Kupp- 
lungskomponente Oder die chemische Spezies zu binden, die frei von latent-reaktiven Gruppen ist. die 
wahrend der Aktivierung der latent-reaktiven Gruppen der Kupplungskomponente aktiviert werden; und 

20 b) die Aktivierung der latent-reaktiven Gruppen der Kupplungskomponente, urn durch kovalente Bindung die 

Bildung eines dreidimensionalen molekularen Netzwerkes (hier auch als Matrix bezeichnet) zu bewirken, in 
dem die MolekOle der gewQnschten chemischen Spezies kovalent an die MolekOle der Kupplungskomponente 
und die MolekOle der Kupplungskomponente untereinander kovalent gebunden sind. 

25 2. Verfahren nach Anspruch 1 t dadurch gekennzeichnet, dass es weiterhin die Einbringung von freien MolekOlen 
der chemischen Spezies in die gebikJete Matrix umfasst, wobei die freien MolekOle der chemischen Spezies nach 
und nach aus der Matrix freigesetzt werden. 

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet dass die kovalent gebundenen MolekOle der chemischen 
30 Spezies eine erste chemische Spezies umfassen und die genannten freien MolekOle der chemischen Spezies eine 
zweite chemische Spezies umfassen, die sich von der ersten chemischen Spezies unterscheidet und ebenfalls frei 
ist von latent-reaktiven Gruppen, die wahrend der Aktivierung der latent-reaktiven Gruppen der Kupplungskompo- 
nente aktiviert werden. 

35 4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, dass die erste chemische Spezies ein antithrombotischer 
Wirkstoff und die zweite chemische Spezies ein Antibioticum ist. 

5. Verfahren nach den Anspruchen 1, 2, 3 Oder 4. dadurch gekennzeichnet dass die genannte Matrix auf einer 
Oberfiache gebildet wird und nach Aktivierung der latent-reaktiven Gruppen kovalente Bindungen zwischen der 

40 Kupplungskomponente und der gewQnschten oder der ersten chemischen Spezies sowie zwischen der Kupplungs- 
komponente und der Oberfiache ausgebiidet werden. 

6. Verfahren nach Anspruch 2, dadurch gekennzeichnet, dass ein ausreichender Oberschuss der gewQnschten 
chemischen Spezies eingesetzt wird. damit freie MolekOle der Spezies vorliegen, die nicht kovalent an die Kupp- 

45 lungskomponente durch Reaktion mit den reaktiven Gruppen gebunden sind, wobei wenigstens ein Teil der freien 
MolekOle von der Matrix aufgenommen wird. 

7. Verfahren nach Anspruch 3, dadurch gekennzeichnet dass die Matrix mit der zwerten chemischen Spezies unter 
Bedingungen zusammengebracht wird. die eine wiederlosbare Einbringung der zweiten chemischen Spezies in 

so die genannte Matrix begOnstigen. 

8. Verfahren nach jedem der vorangegangenen Anspruche. dadurch gekennzeichnet dass die Herstellung einer 
Mischung aus der chemischen Spezies und der polymeren Kupplungskomponente in einem Ljosungsmittel und die 
Bildung eines Films aus der Losung vor der Aktivierung der latent-reaktiven Gruppen vorgesehen ist 

55 

9: Verfahren nach jedem der vorangegangenen AnsprQche, dadurch gekennzeichnet dass die Kupplungskompo- 
nente ein durch Lichteinwirkung errtstandenes Vinylpolymer oder ein durch Uchteinwirkung entstandener Polye- 
ther ist. 
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10. Verfahren nach einem der vorangegangenen Anspruche, dadurch gekennzeichnet, dass die genannte polymere 
Kupplungskornponente und die genannte erste (oder gewunschte) chemische Spezies eine Affinitat zeigen, durch 
die sie in Lfisung vor der Aktivierung der latent-reaktiven Gruppen zueinander eine bevorzugte Orientierung ein- 
nehmen, durch die die kovaJente Bindung zwischen ihnen erleichtert wird, wenn die latent-reaktiven Gruppen akti- 

5 viert werden, wobei das Verfahren den Schritt umfasst, die Kupplungskomponente und die chemische Spezies in 
eine Assoziation zu bringen, die es erm&glicht dass sie die bevorzugte Orientierung vor der Aktivierung der latent- 
reaktiven Gruppen der Kupplungskomponente einnehmen. 

11. Verfahren nachden Anspruchen 1 bis 10. dadurch gekennzeichnet dass die chemische Spezies ausder Gruppe 
10 der Kohlenhydrate, urrrfassend Alginsaure, Chrtosan, Glycogen, Heparin, Hyaluronsaure, Pectin, Saccharide. Dex- 

transurfat und Proteine einschlieBlich der AntikOrper, antithrombotische Wirkstoffe. Albumin, Bindungsproteine und 
-peptide. Enzyme, extracellulare Matrix-Proteine und Peptide. Wachstumsfaktoren, Hirudin und thrombolytische 
Proteine ausgewahrt isl 

is 12. Verfahren nach den Anspruchen 1 bis 10, dadurch gekennzeichnet. dass die Kupplungskomponente aus der 
Gruppe bestehend aus durch Photoeirrwirkung derivatisiertem Polyacryiamid, Polyethylenglykol. Polyethylenimin, 
Polymilchsaure. Polyvinylalkohol, Polyvinylpyrrol'don, Silikon, Polyvinylpyridin, Polyacetylen und Polypynoi ausge- 
wahrt ist. 

20 13. Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass die Kupplungskomponente durch Uchteinwirkung 
derivatisiertes Polyacryiamid ist. 

14. Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass die Kupplungskomponente durch Uchteinwirkung 
derivatisiertes Polyethylenglykol ist 

25 , 

15. Verfahren nach Anspruch 12, dadurch gekennzeichnet. dass die Kupplungskomponente durch Uchteinwirkung 
derivatisiertes Polyvinylpyrrolidon ist. 

16. Verfahren nachden Anspruchen 1 bis 10. dadurch gekennzeichnet dass die chemische Spezies aus der Gruppe 
so von Chitosan. Heparin, Hyaluronsaure, antithrombotischen Wirkstoffen, Bindungsproteinen und -peptiden, extra- 

cellularen Matrix-Proteinen und Peptiden, Wachstumsfaktoren und thrombolytischen Proteinen und die Kupplungs- 
komponente aus der Gruppe bestehend aus durch Uchteinwirkung derivatisiertem Polyacryiamid. 
Polyethylenglykol, Polyvinylpyrrolidon, Polyvinylpyridin, Polyacetylen und Polypyrrole ausgewahrt ist. 

35 17. Eine Matrix erhaltlich durch das Verfahren gemaB den AnsprOchen 1 bis 16. 

Revendications 

1 , Precede pour immobiliser une espece chimique comprenant les etapes consistant a : 

40 

a. rapprocher pour qulls soient a une distance permettant la formation d'une liaison covalerrte : 

(i) des molecules libres d'une espece chimique souhaitee ; et 

(ii) un compos§ de couplage polymere contenant au moins deux groupes reactifs latents par molecule, 
45 chaque groupe reactif latent etant capable, suite a une activation, de se lier par covalence a une autre 

molecule de compose de couplage ou a r espece chimique ; 

. lad'rte espece chimique etant depourvue de groupes reactifs latents actives pendant I'activation des grou- 
pes reactifs latents du compost de couplage ; et 

so b. activer les groupes reactifs latents du compose de couplage pour entraTner la formation, par Untermediaire 

d'une liaison covalente, d'un reseau moleculaire tridimensionnel (aussi appele ict matrice) dans lequel des 
molecules de I'espece chimique souhaitee sort liees par covalence aux molecules du compose de couplage 
et dans lequel des molecules du compost de couplage sort liees'par covalence les unes aux autres. 

55 2. Precede selon la revendication 1 comprenant en outre, I'etape consistant a incorporer des molecules libres de 
I'espece chimique dans la matrice formee. afin que les molecules libres de I'espece chimique puissent etre pro- 
gressivement Iberees par la matrice. 
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3. Proc6d6 seion la revendication 2, dans iequel lesdrtes molecules de I'espece chimique li§es par covalence com- 
prennent une premiere espfece chimique, et lesdites molecules libres de I'espece chimique comprennent une 
deuxieme espece chimique qui est different e de la premiere espece chimique et qui est aussi d6pourvue de grou- 
pes r6actifs latents qui sort actives pendant I'activation des groupes reactifs tatents du compost de couplage. 

5 

4. Precede seion ta revendication 3, dans Iequel ladite premiere espece chimique est un agent antithrombotique et 
ladite deuxieme espece chimique est un antibiotique. 

5. Precede seion ta revendication 1 ,2 ,3 ou 4, dans Iequel ladite matrice est formee sur une surface et. suite a Pacti- 
w vation desdits groupes react'rfs latents, des liaisons covatentes sont form6es entre le compose de couplage et la 

premiere espece chimique ou I'espece chimique souhartee et entre le compose de couplage et la surface. 

6. Proc6d6 seion la revendication 2, comprenant I6tape consistant a employer un exc6s suffisant de I'espece chimi- 
que souha'rtee pour fournir des molecules libres de I'espece qui ne sont pas coupiees par covalence au compost 

is de couplage lors de la reaction des groupes reactifs, au moins une partie desdites molecules libres etant supportee 
par et au sein de la matrice. 

7. Proc6d6 seion la revendication 3, comprenant retape consistant a mettre en contact la matrice avec ladite 
deuxieme espece chimique dans des conditions favorisant ladite incorporation de facon liberable de la deuxieme 

20 espece chimique dans ladite matrice. 

8. Precede seion Tune quelconque des revendications pr6c6dentes, comprenant retape consistant a pr6voir un 
melange d'une esp&ce chimique et du compose de couplage polymere dans une solution de sotvant, et a former 
un film a partr de la solution avant I'activation des groupes reactifs latents. 

25 

9. Precede seion Tune quelconque des revendications prec6dentes, dans Iequel ledit compose de couplage est un 
derive photor6actif de polymere vinylique ou un d6riv6 photoreactif de polyether. 

1 0. Precede seion Tune quelconque des revendications pr6cedentes, dans Iequel ledit compose de couplage polymere 
30 et ladrte premiere espece chimique (ou ladite espece chimique souhartee) present ent une affinite leur permettant 

en solution de prendre une orientation pref6ree Tun par rapport a I'autre avant I'activation des groupes reactifs 
latents, pour facilrter une liaison covalente entre ceux-ci lorsque les groupes reactifs latents sont actives, le precede 
comprenant retape consistant a associer le compose de couplage et I'espece chimique pour leur permettre de 
prendre ladite orientation pref6r6e avant ractivation des groupes reactHs latents du compose de couplage. 

35 

11. Precede seion Tune quelconque des revendications 1 a 10, dans Iequel I'espece chimique est choisie dans le 
groupe constitue par les sucres, y compris I'acide alginique, le chitosan, le glycogene, rheparine, I'acide hyaluroni- 
que, la pectine, les saccharides, le sulfate de dextran, et les proteines, y compris les anticorps, les agents anti- 
thrombotiques. ralbumine, les proteines et les peptides de fixation, les enzymes, les proteines et les peptides de 

40 matrice extracellulaires. les facteurs de croissance, Itiirudine et les proteines thrombolytiques. 

12. Precede seion Tune quelconque des revendications 1 a 10, dans Iequel le compose de couplage est choisi dans le 
groupe constitue par les derives photoreactif s de polyacrylamide, de polyethyieneglycol, de polyethyieneimine, de 
poly(acide lactique), de poly(alcool vinylique), de polyvinylpyrrolidone, de silicone, depolyvinylpyridine, de polyace- 

45 tyiene et de porypyrrole. 

- 13. Precede seion la revendication 12, dans Iequel le compose de couplage est un derive photoreactif de polyacryla- 
mide. 

so 14. Precede seion la revendication 12, dans Iequel le compose de couplage est un derive photoreactif de polyethyie- 
neglycol.. 

1 5. Precede seion la revendication 1 2, dans Iequel le compose de couplage est un derive photoreactif de polyvinylpyr- 
rolidone. 

55 

16. Precede seion Tune quelconque des revendications 1 a 10, dans Iequel I'espece chimique est choisie dans le 
groupe constitue par le chitosan, ITieparine, I'acide hyaluronique, les agents arrtrthrombotiques, les proteines et les 
peptides de fixation, les proteines et les peptides de matrice extracellulaires, les facteurs de croissance et les pro- 
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teines thrombolytiques, et le compost de couplage est choisi dans le groupe constitue par les derives photoreactrfs 
de polyacrylamide. de polyethyleneglycol, de polyvinylpyrrolidone, de polyvinylpyridine, de polyacetylene et de 
polypyrrole. 

5 17. Matrice pouvant etre obtenue par le procede selon I'une quelconque des revendications 1 a 16. 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



19 



